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This newsletter, adapted in 1976 ft 
published in 1960, reviews the subject of weights a 
several standpoints. It deals first ,witH the hist^or 
of standard systems of measurement, discussing both 
English systems. The second section defines- a varie 
describes standardizati^on procedures for standards 
and capacity; specialized use of weights is also de 
section provides general tables of weights and m^as 
used in the metric system are defined^ and. df finiti 
English and American units are provided. Coi)Version 
converting within and^ between systems are p/rovided- 
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UNITS AND SYSTEMS OF WEIGHTS AND .MEASURES . 
TEiEIR ORIGIN, DEVEIpPMENT, AND PRESE^ STATUS, 



Introduction 

Hie National Bujteau of Standards established by act of Congress in 1901 to 
serve as a National scientific laboratory irl< the physiccd sciences and to provide fur^«^ 
mental measurenent standards for science and industry. In carrying out these related 
f motions the Bureau conducts *researdh and develqpnient in irtany fields of physics, 
mathemtics , chemistry, and engineering. At the time of its founding, the Bureau had 
custody of two primary standards— tji^ mete;: bar for length and the kilogram cylinder 
for mass (or wqight) . With tiie pheminenal growth of science and technology over the 
past half century, the Bureau has became a ma] or * research institution conoemed not ojily 
with everyday weights arid measures but 'ciIsq with' hundreds pf other scientific and 
engineering standairds that have beoone necessary to the industrial progresis of the \ 
Natioh. Nevertheless, the country still looks to the Bureau for, information on the units 
of weights and measures, particularly their definitions and equivalents. . y 

The siabject of weights and measures can be treated, f rem severed different stand- 
points. Scientists and engineer^ are interested in the metl^sds b^ which precision 
measurements are made; State ''wei^hts^ and measures officials are interested in laws and 
regulations on the siibject and in methods of verifying oonn^rcicil ^^ghihg and, measuring, 
t^evices. But. a vastly larger groi:^ of peqple is. interested in some general knowledge of 
the origin and development of weights and measures , of the present status of units' and- 
standards, and of miscellaneous facts that will be useful in Everyday, life. This Letter 
Circular has been prepared to si:pply that infqrmation on weic^ts and measures that 
ep5)^ienoe has shewn to be the ocnnpn subject of inquiry. 

: ■ IP. ■ . ■ 

2. units and Systems of Weights and M^sures ; \ 
■ " " - • ; . / ■• ■ * I 

The expression "weights and measures" is usedr in this Letter Circular in its basic? 
sense of referring to measurements of length, mass, and capacity, thus 'excluding such . / 
topics as electrical and time measurements* and thermcroetry. TThis section on units and g 



systems* of weights and measures presents sane fundamentcil infoianation to clarify thinking 
on^this subject and to eliminate erroneous and^misleading use of terms. * * 



I, 



2.1. Origin and Eaurly History of Units and Standards 
a. IMits ahd Standards ■ 



It essential that there be established and kept ,in mind the distinction between 
the terms **xmits" and "standards" of weighty, and measures./ * V ' . 

A unit is a value, quantity, ot magnitude in terms of which other values, 
quantities, or magnitudes' are/e5q)ressed. In general, a xr^it is fixed by definition * « 

and is independent of such pl^ysical conditions as teqperature. Exanples: The yard, 
the pound, the galloh, title mieter, the liter, the gram. 



In general it^ not Jjjdependent 



•A standarti is a physical embodiment of la unit, 
, of physical condTtions , and it is a true cambooiinQnt of the unit only under -sfSBEified 
"conditJomyr' P'or expfl^^ 

temperature and supported in a certain mariner. If supported in a different mjanneir) it. 

might have to be, at a different ten?^rature in order to have a length of' 1* yajrc}. * •* 

• . b. General Survey of Early History of Weights and Measures 

• h ■ - • ^ "* ^ • 

• Weights, pnd measures were among the earliest tools invented- by man 
societies need^ rudimentary measures for many tasks: constrilifting ,dwellii;)g£: 
priate size and shape, fashioning clothing, or bartering food or raw materials 



ifrimitive - 
of an appro 



^ ' Man. understandably turned first to pairts of his body and ^li^s ^natural feurroundihgs 
foif dfeasuring^ instruments, Barly Babyldm!Sn and Egyptian records arid the Biple indicate 
that, length was. first measured with the forearm, hand, or finger and that tipe was mea- 
sured by. the p^ioiis of the sun, moon, and other heavenly bodies. When it vps necessary 
to cajpare the capacities of contciiners , snch as gourds or clay or .metal vessels, they\ 
were filled* with plant seeds vtoch were then counted to measure the volumes | When mSans 
for weighing were invited, seeds and stones served as standards, • For instance the 
"carat," still used as a uni,t for gems, was derived fron the carob.seed. 



. Our t>resent Jcno/^ledge of earj.y weights 'and measures xxines from many 
Sane rat;her early standards have, been. XBOOveredo by archeolpgists and prese 
The coT^iaHson o^ the dimension^ bf buildings with the descriptions of con 
writers is another source of information. An inferestirfg exanpl^ /of ' this 
parison of' the dimensions of the Greek Pairthenon with tjie desqription given 

fron v^ch a fairly, accurate ' idea of the .size of the Attic foot is obtainecL 

cases we have only plausible theories . and we' must sometimes decide on the. interpretatijon' 
.to be given to the evidence. .For exanple, does' the fact that the length^o^ the c^ubl^- 
/cubit of early Babylonia, was equal (within two partg"ot a thousand) to the llength 'of the 
seconds pendui™ ^at Babylon indica'te ^ ^sj^entif ic Jeicwledge of the penduli 
early date, cm: do. we merely have a ,curi6iLfe' coincidence? By "studying the 
by all availaUDle sources^ and by correilatihg the releVcffit faets, we obtain 
the origin, cuid development q% the units. We find that they have changed i 
gradually \jp,th the passirig ;of time in a cofT|>lex manner because of a great « 
modifying influences.. We find the unit3 modified and grouped into systonrsi 
and measures: The Babylonian system, the Egyptian sy'st^, the Phileterian 
PtoleriaiC^age, the Olynpic} system of Greece, the Reman systdn, and the-^rltish system, to 
mention only a few. / . , ' * ' . 

c. 'Origin and Development of Sane Camion Gustcmary Uniti 
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The origin and deyeloprient of units of weights and measures has been investigated 
in considerable detail and a number of books have been written on the^ subject; ^ It is only 
possible to give here scmev^at sketchily the story |^ut a few u^iits. 

Unit^ of length:-* The cubit: was th6 -first recorded unit used' by ancient peoples to 
measure length. There ^^e seve3?al cubits of different magnitudes that were used. The 
cotmon cubit .was the length of the 'forearm; fron the elbcw to the tip of the middle finger. 
It was divided into the span^of the hand ' (one-half ciiiitj , the palm or width of 'the hand 
Cone sixth) , 'and the digit or width of a finger (one .tw&ity-fourth) . *The Royal or Sacred 
Cubit, v^ch was 7 palms or- 28 digits long, was used in constructing buildings and monu- 
ments and in sxarveying. The inch j; foot , and yard evolved from these units through a 
C{3nplicafted transformation not- yet fully und^stood. Sqn^ believe they evolved from 
cubic measures; others believe they were siirple proportions or multiples of the cubit. 
In .any casfe, .the^ foot was inherited fron the Egyptians by the^ Greeks and Rorpns. The 
Roman foot was divided into both, 12 unciae (inches) and 16 digits. The Remans also ^ 



intrcxducfed . fehe mil'6 of 1 000* paces or double steps, "the gace being equal to; 5 Ronfian 
feet. The Batman mile^of 5 '000 feet was introduced into Eiig,J.and during the occupation, 
"Queen ElizaJpeth, reigned f rem 1558 to 1603/ changed ty stc^tute 'the mile to 5 280 feet 
or 8 furlongs, a furlong being 40 rods of 5 1/2 yards each,. 

The iintroduction of . the use of the ysu:^ as^a unit of length' came, later, but its 
origin is riDt definitely knc^n. Seme believe the origin is the double cubit;, others 
believe that it originated frcm cubic measure. Regardless Qf its origin, the early yard 
was divided] by the binary system into 2, 4, 8/ and 16 parts^called the half -yard, span, 
fihger, .and| niiil. The association of the yard with^ thre "gird"^r circumference of a 
person's waist or with the distance frcm the tip of the nose to the end. of the thumhf of 
Henry I afq probably standardizing actions , since several yards were -in use 'in Great ' 
Britain* 



The II point , which is a unit for measuring type, is recent, It^ originated with 
Pierre Simmn Foumier in 1737, It was modified and developed by the Didot brothers, 
Francois Ambroise and Pierre Francois, in 1755. The point was first used in the 
United Stalies in 1878 by a Chicago type foundry (Marder, Luse, and Ccnpany) • Since 
1886, a pofnt is 0,013 837 iijch, or about 1/72 inch, , * . 

' ' •■ * ' ' • . . 

^ Units of mass: The grain was the earliest unit of mass 'and is the smallest unit 

in the apothecary, avoirdupois. Tower and Troy systems, ^e early unit was a grain of 
wheat or tiarleycom used to weigh the precious metals silvered gold. Larger units 
preser\fed in stoHe standards were developed that were jjsed as both units of mass and of 
.monetary currency. The pound wag derived frem the mina used by ancient civilizations, 
A smaller unit was the shekel and a larger unit was the talent. The magnitude of these 
units varied frcm place to place. The Babylonians and Sumerians had a system in. which 
there wer| 60 shekels in a mina and 60 minas in a talent. The Reman talent consisted 
of 100 lifra (pound) vMch were smaller in magnitude than the mina, Th^.Troy pound used 
in England and the United States for monetary purposes, like the Roman pound, was divided 
into 12 opnces^ but the Reman uncia (ounce) was smaller. The carat, is a unit for mea- 
suring gemstones that had. its origin in the carob seed,' 
1/144 ounce and then 0.2 gram. ' 



of camerce w^re originally traded by nun^ar or volume. When weighing of 



which later was standardized at 



goods bedan , units of mass based on a volume of grain 
example, ll±e talent in some places was approximately 
water. Vfas this a coincidence or by design? The div( 
which still appear today in our (^cy and li( 
|)us oormodities traded. The larger ^voirdi^aoi 
based on volume of watea; vMchsJjasvJa higher 
' 'hon was a volume unit about 11', percent larger than a cubic palm and corres- 
rxe i^dxiSL of water. It was almost identical in volume to the present U,Si' pint. 
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►ulk density than grain,' For example, 



stone , quarter , hundredweight , and ton are larger units of mass still used in 
Great Biitain. The present stone is 14 pounds, byt an earlier unit appears to hc^ve been 
16 pounds,' The other units are multiples of 2, 8, and 160 times the stone, or 28, 112^ 
and 2 240 pounds, "the hundredweight is approximately equal to 2 talents. In the.Ii,S, , 
,the ton|of/2 240 pounds is known as the long ton. The short ton is equal to 2 000 pounds. 



It shJuld be' noted that a space ha^ been inseLCted instead of. coimas in all of ;the numerical 
values .given in this Letter Circular, following a' growing practice originating in tabulcir 
work to use the space to- separate large number^ into groups of three digits. This practice 
avoids conflict with the practice of those countries JJiat use the cotrna for^a decimal 
marker.. t 




-intuD 
...syst 



Units nof time ond^^Xe: The division of ihe circle into 360 degrees and the day 
Durs, minutes , and -seconds can be traced to tj>e Babylonians W) . had a""sexagesimal 
_of . nufnbers c^ ^ lhe_ 36Q degrees, my of -360 days * 



2.2. The Metric System 

a. The Metric System:^ definition, Origin, and Developn^ent 

The metric system 'is the international system- of weights and measures based on the 
meterjf* and the kilogram. The essential features of the system were embodied in a report 
to the French National Assembly 'by the- Paris Academy of Sciences in 1791 i The 
^tive actiori taken in 1791 was the outgrowth cff reocninendations along similar lines 
.back to 1670. The adoption of the system in\ France was slow, but its desirability 
international system yas recognized by geoctes(ist3 and others. On May 20, 1875 >. an 
itional treaty known as the International Meti/ic Convention was signed providing 
International Bureau of Weights and Measures^ thus insuring "the international uni- 
on and inprovement of the .metric system."' The metric system is 'how either obligate 
irmissive tiiroughout tjio world. ' ' ^ 

Although the metric system is a decimal system, the words "/netric" and "decimal" 
>t synonymous, and care should be taken not to confuse the two teiiins. , • 
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b. Units and' Standard^ of the Metric. System 



In the metric system the fundamental units of length -and mass ^e the meter and the 
kij.qgramv The other units of length and mass, as well as all units of 'area, volume, and 
conpound units' such as density are -derived fran these two fundamental -units. 

The meter was originally intended to be 1 ten-millionth part of a meridiohal 
quadrant of the earth. The Meter of the Archives, the platinum end-standard which was 
the standard for most of ^the 19th century, at first was supposed to be exactly this 
^fractional part of the quadrant. More 'refined measurements over the earth's surface 
^ showed that this supposition was not correct. In 1889, a new international metric 
standard of length, the International Prototype Meter, a, graduated line standard of 
platinum-iridium, Vas selected from a groi^ of bars because it' wa3!' found by precise 
measurements to have the same ^.ength as 'the Meters of the Archives ; , The, meter was then 
defined as the distance under specified conditions .between the linesmen' the International 
Prototype Meter without reference to any measuremfehts of the earth, or to the Meter of the 
Archives, which it superseded. Since I960* the meter has been defined as the lengiii equal 
to I 650 763.73' wavelengths in vacuum of the radiation corresponding to the transition 
between the levelp 2 p,Q and 5 d^ of the krypton 86 atcm. ,The kilogram previously defined 
as the mass of one. cubic decimeter of water at the taiperature of maximum density was 
"known as the Kilogram of the "Archives. It was replaced after the Interriational Metric ' 
• Convention in 1875 by the International Prototype Kilogram vMch.becan^. the Unit of mass 
without reference:,to. the mass of a cubic decimeter of water or to^ the Kilogram of the 
Archives. Each of the countries v^*lich subscribed to the International Metric Convention 
was ^ assigned one or more copies of the in'tematiohal standards;! 'these are known as* 
National Prototype Meters and -Kilograms. The liter is a unit of Capacity.' In 1964 the 
12th General Conference of Weights and Measures redefined the liter" as being one cubic 
defcimeter. By its previous definition as being the, volume occupied, under standard con- 
ditions, by a quantity of pure water having a mas^ of -1 kilogram, the liter was larger • 
thari the cubic decimeter by 2? parts in 1 000 000; except for determinations of high pre- . 
cij^ion,. this difference is so smcill as to be of no cpnsequence. 



W V . 

The spellings ' "meter*' and "liter" as used' iH^the original (1960) issue of this Letter . 
Circular are retained; they are the most cannon spellings in* the United States, flowever, 
'•metxe" and "litre" ar^ the spellings in all other English speaking, countries and are also 
used-, principally in technology, ir^^Jie United States. 

■ ^ / ^ 4 ■ f ■ ' 



The nodemized metric system includes "base" units such/ for example, as units of 
temperature and time, as well as many "derived" units such,^ for example, as ilnits of * force 
and .work — Eor-details , - see- NBS Special Publication--330 dates t edition) , The International 
System of . Units (SI) [available from the Superintendent of Documents, U.S. Government 
'Printing Office, Washington, D.C. 20402 at 65 cents, a copy)\ 

c. The International Bureau of Weights and Measures 

The International Bureau of Weights and Measures was established at Sevres, a 
suburb -of P^is, France, in accordance with the Intejmational Metric Convention of 
'May 20; 1875. At the Bureau tliere are kept the International Prototype kilogram, many, 
second^ standards of all 3orts, and equipment for comparing standards and making 
precision measurements. The Bureau, maintained by assessed, contributions of the signatory 
governments, is fiixily ^temational. . • 

' . -In recent years the scope of the work at the International Bureau has been con- 
siderably broadened. It now carries on researches in the fields of electricity and 
photometry in addition to its former work in Weights and measures with> which were inclqded 
such allied fields as thermcme^ and, the measurement of barxi^metric pressures. 

" ,d. Preset Status of .the fetric Systei^ in the United States ■ . 

The use of the metric system in this country was legalized by Act of Congress in 
1866, but was not made obligatory. 

. , • . ^ '* i* ' . 

A specified transition of'krwton 86 and U.S.. Prototype Kilogram No. 20 are recocrnized 
as the primary standards of length and' mass for both the metric and the customary systems 
of measurement in this country ' because tliese standards are the. most precise and reliable 
standards available. 0bviousJ.y it is not possible to accept both a meter and a yard, and 
both ajjilograra and a pound as "primary" standards, unless there is willingness to accept 
the possibility of continually changing the ratio between the corresponding units. In 
each case r>ne must be accepted as .the primary standard and the other derived therefrom 
by.mearis of an accepted relation. ' In the United States, since 1893, the yard has been de- 
fined in terms of the meter,- dnd the pound in terms, of the .kilogram. There is in the 
United; States no primary standard either. of length 6r mass in the customary ^system. 

IP From 1893 until 1959, the yard,,w^ defined, as being equal exactly to 36d0/3937, * 

meter. In 1959 a small ctxahge was made in the definition of the yard to resolve d^- 
crepancies Both in this* 'country and abroad. Since 1959 the yarxj is defined as being equal 
^f^tly to Q.9144 meter; the, new yard is shorter than the old yard ^ . exactly two parts in a 
million. At the same time it was decided -'that any 'data expressed ift »feet derived from 
geodetic surveys within. the U.S.. would continue to. bear the relationship as defined in 
1893 (or^p foot equals 1200/3937 meter) . This fooj: is called the U.S. survey foot, while 
the foot defined in 1959 is called the international foot. Measurements expressed in 
survey miles, survey feet,, rods, chaihs, lir^, or the squares thelreof, ^d also acres 
should therefore be converted -to the corresponding metric- values try 'using pre7l959 ^ 
conversion factors where more than five significant figure bQcuracy\s involv^. ^ 

In 1971 the National. Bureau of St;andardq coipleted a- three-year study of the inpact 
of increasing worldwide^ metric uke on the United States. The study ended with a report to 
the Congress entitled "A Metric ^America~A Decision Whose ,Time Has Cone." ' In thfe last few 
years metric use has been increasing rapidly In ^the U.S., principally in the manufacturing 
and educational sectors. Public Law 93-380 'enacted August .21,' 1974, states that it is the 
policy of tlie United States to encourage educational agencies instituUons to prepare- 
students to use the metric,, ^stem of Jiieasurement with ease and^acility as a part of the 
regular education program.' On December 23, -1975'^ president Ford signed Public ^I#w 94-168 
the "Metric Conversion Act of 1975." This act. {declares, a national policy of coordinating ' 
the increasing Use of ^ the metric system in the United States, and to establish a , 
^United States Metric Board to coordinate the voluntary conversion to the fnettic system. 

• ■ ■ -> ^ ■ ■ . - , 
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2.J. : British and UniUxl States' SynU^ris of WcivjhtM ajKl M-.vHitv?* 

Tlie implication is sanet urves rTH<le t-iiat- tlv^ cub t'tyv^ry -Hyf^^^y v ^ i ■> U vu^ ai^ 

measures in the British Cqiinonwi^altJi coimtrioM t\yt in thc.t'niu>) St lU s .in- 
identical. It is true that tlie U,S, anci 0\q Briti.sh/inch aro ^cU-f u-.t\! uior.t-iv .iMy for - 
scientific work, tlut tJicy are practicaUy^identiccr'l in ccmik-rcMal u.s i.n', tiuit .\ sinil u 
situation exists for tJie U.S. ^\nd tiic British ^oiukI, .inci Uiat nvmy r.U..l«.ii , as' 
J.2 inches = 1 f<X)t^j3 feet = 1 yard, anci-1760 yardu 1- irAtTiviMorvti rs^lV-, .ut. Ji.uiv 
i?i both" countries; but 'there are sane \rcr^' ir^ixjrtai^t. difft^'it-ucus. 



In the first plage, tKo'U.S. bushel luxl t}\e U.S. qal loi., mjkI 
differ from the corresponding Dritishj units. AJso ^Uuj British ut. :vi 
whereas tlie ton generaUy used in the Uivited Stati^ii tlio.siK.>i t 
The American colonists ^optoti tJio English wine gal ion i^}' 2-31 ciii^u- ; 
Of th^t period used ,th/s wine gallon and tiiey ajst; ^vid aiv:thex 'i/ilh^r. 
282 cubic inches. In 1824 those^two gallons were Jtb^UKicrvHl Ijy i^i 
adopted the British Lnperial gallon, wliich is definetl as *Jir vd;:-!- ^ 
at a tOTperatiire of 62 °F, whiqh, by calculation, Is c^fuivali^M! t. .'"^ 
At the same time, the bushel was redefined as G gallons. In rhi" I't r 
of dry measure are the s'amoVas those of l^cpaid meaaan/. tiu- 'Z:.!:!" 
are hot the same, the gallon cind its subdivisions \x2ir^] uso! ir-. * 
liquids, v>d-iile the bushel, with its sulxlivisioiui, is U5^<,\i i.:. tl.o 
dry commodities. The V^S, gallon i's divided into" 4 lu^Oid 'iv;uw-ts 
into 32 dry quarts. All .the dhits of ca[xicity mtM^tionAi \U'Ki r a 
British system than in the U.S. system. OUt Uu: BriUiii:' ! l.i: i c ur.o* 
U.S. fluid ounce, because the Briti.sh qyart is dividixi i;iru 40 il-.i.r. 
U.S. quart is divided into -32 fluid o3xices. - 



.-^^.-s.' n..' :j.gi 

1 . I * ttii'*.:,M I 'f V.'. J* 
.. .'"''.<JJ (.r.iLjiv: 

]h* rr^-.v.xir 1,1*11 -ri^. <: f 
:•l■a::^;^^^■l■^.^ ^- !. t.ii ;. 



Aj;.«'a wtKT*« a:. 



Fran the foregoing it is^eer. tliat.in tlie Uruii.h' 
pf water at 62 ®F has a volumeKof 1 fluid oiu-^.ce, ljucaaiuj 1^; 
avoirdupois ounces, and l^^^llon is equivalent to 4 (j^aarvs, t.r 
coi^yianient relation does'liat^^ist in the U.S. syiitctv. Ux-.uisr 
6*2 -^iP weighs about 8 1/3 pounds , ^ or ^ 3 3 1/3 avoirdujxns cu-uv :-^ 
equivalent to 4 x 32,*ot- l?8^-;jluid ounces. * ' 



! wa^<- 



1 U.S. fluid ounce -^ 
1 British fluid ounct:^ 
1 U.S. gallon^ * - 
1 priti^sh Imperial 'i?al Ion 



1,041 Uri: 
0.9bi I. 

1.2fTt r. 




4allon5.. 
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Aljhg other differences between. ti.e Drx^isl; 
and measures it stould be noted ^uit tlie use*' of '•U\c trc// 

January 6^ 1879, only the troy ounce and its sulxii vis ions Lc-ruj- te:.a::x.vi, wtx-Tfa,.' O 
troy .pound is % till legal in the United States, cvl tlx)U'.}^. it.' is ;vc)t rxw ;r<';.tt. Ix'^.^-.^M, 
The 



uni 
until 



a -conno'n use in England of the stont of 14 pound's, ,sJx;u Id U.- r-fc-;^r ior>v./ 'Jaji U •» 
it nc3w unused .in the Ul?ited States, although its'" ii^f I'vienct? w.i?; sr*;A.r. tJ> .|^r.v:t t^''' 
til World War II of selling flour by the barrel of 196 jxj-^-xjs (-14 stc^.'^'^) . ''-•x- ^ 



apothecaries: systOT of liquid measure tlie Britisli insert a ^-jj:) 
equal to one third of a fluid drachm .(spelled dram in tiie :'n:TJ|^! 
minim and their fluid drac^. In the United States, the^^en^-r 
dry ccmnodities-, such as fruits and vegetables, by -M^ight. 



pr.u;!':- 
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^ * ^ " \ 2.4* SCibdivisi^Y^of Units 

Jn general, units are subdividecj hy 6nc c6f 4±u*ei^ 
into tenths; (b) duodeciinalT" into twelfths; or fe) bir^cor,' 
subdivision is continued by the use of the sarfte system, 
for certain purpDsaS' and it cannot properly be said tlvit 
the use to wRifch the unit and its subdivisions are to be 
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-For exanpl^, if wo aro concomcxi only with moasurentents of length "to nxxJerato 
precision, it ia conveniowt to ptoaaure and to express, t^ioae lengths in feet, inchofj, ai\d 
binary fractiona of an inch, thus 9 fcx?t 4 3/8 inched, ' If, hoyjevor^ tliesc moasurod 

■ ~ lar^rths arB" to be "Bubaequently^ u or "wTur^", "tliat "moUxxl 

of subdivision at once beccwos .extremely inconvenient. For tliat reason civil engineers 
who are concemod with areas of land, volumes' of cuts, fills, excavations etc., instoici 
of dividing the foot into inches 'and bin£iry subdivisions of t}}c inch, divide it decijnaJ 
that> is, into tentiis, hundredths, and thousandths of a foot. 

The method of subdivision of a unit is thus largely made on the basis of con- 

■ venience to the user. Tte fact that units have ccrmonly been subdivided into cejftain 
subunits for centuries does not preclude their af^so having anotiier mode of subdivision' 
in sane frequently, used cases where convenience iiuiicateS the, value of such otiier nvL^tliod. 
Thus the gallon is usually subdivided into quarts and pints', but the majority of gasoline- 
measuring pumps of the price-computing type are graduated to show tentlis of a gallon. 
Although the mile has for centuries been divided into rods, yi\rds, feet, and incl^cis, tlic 
odoneter part' of an automobile speedometer indicates tentiis of a mile. 'Although our 
dollar is divided into 100 parts, wo habitually use and speak of halves and quarters. 

An illustration M rather complex subdividing is found on the* scales used by draftspK^n. 
These scales are\)f two types: (a) architects, which ore corrmonly graduated witli scales* 
in which 3/32/ 3/16, 1/8, 1/4, 3/8, 1/2, 3/4, 1, 1 1/2, and 3 inches, respectively; 
•represent 1 foot full scale, as well as having a scale graduated in ^ho usual manner 
to 1/16 inch; and *(b) cngineers\ which are CGmnonly subdivided to 10, 20, 30, 40, 50, 
and 60 par^ts to the- inch. C^::^^ 

The dictum of conveniehge ^^^ies not only to subdivisions *of a unit but also to 
nualtiples of a unit. Elevations of land abovfe sea^^evel are given in feet even tli^gli 
the height may be several miles; -the height of aix'craft above sea level' as given by on 
altimeter ia^ likewise given in feet, no matter how high it may be. 

we other hand,^ machinists, toolmakers, gage makers, scientists, and otliers 
Vito are ^g&ged in precision measurements of relatively small distances, even though 
concernedVith measurements of length ohly, find it convenient to use thdTincli, instead ; 
of the tenth of%a foot, but to divide tlie j.nch decimally to'tenthfe, hundredths, tljiousandtiis, 
etc.; even down tOAmillionths of an inch. Verniers, micrometers, and other precision % 
measuring ihstnimmts are usually graduated in this manner. Machinist scales are 
conmonly graduated decimally along one edge and cure also graduated along aiK)ther edge 

■ to binary fractions as small as 1/64 inclw The scales with bineury- fractions are used, 
only for. relatively rough measurements. * ■ . ' 

\ ■ . ' ^* ' - . ■ ■ 

It is seldom conv^ient or advisable to' use binary subdivisions of the inch that 
are smaller than 1/64.. In fact, 1/32-, 1/16-, or 1/8-JLncrt subdivisions are usually 
pr^erable for pse on a scale to be read-with the unaided eye. 

2,5. Arithmetical^SystQjWvjof Numbers 

The^fiubdi\>ision of xanits of measurement is closely associated with aritlm^ticcil 
systems of numbers. The systems of weights and^neasures used i>f this country for 
connercial and. scientific work, having many 9rigins as has already been shown, naturally 
shcv7 traces of the various number systems associated with theif origins and develop- 
ments. Thus (a) the binary subdivision has come down to us from the Hindus,, (b)- the 
duodecimal system of fractions from the .Remans, (c) the decimal, system frcm the Chinese. ^ 
and Egyptians, some, developments having been made by the Hindus, and (d) Vhe sexagesimal 
system ('division by 60) now illustrated in the stlbdivision oFTu^ts of an^J^e and of-tin^e, 
from the anciei^t Babylonians. « ^ . 

The suggestion. is mac^e frcm time to time that we should adopt a duodecimal 
number system and a duodecimal system of weights and measures. Another suggestion is * 
for an cptonciry number system^a system v/ithi 8 as.,the basis instead of 10 in our present 
system (jr'12 "in th^ 'duodecimal) and an octonary system of weights and n^easurcs. ^ 



- *nw grain is 1/7 000 of the avoirdupois pouiKl and ia icjentictfl in tlio avoirdupoi^B, 
troy, (and apothocarios syatcra. 'Hie tfoy ounoo and the apothecarieB punco differ traw 
tho avoirdupois ounce but aro equal to each other, and equal to 480 qraina. The avoir- 

dupais ouncfi.-4^ equ^ t^ - ^ - ' . . 

A. Maas and Weight 

Itio mass of cy bcxiy ia a mCi'^auro of ita inortial property. Ilu? weight of a bocjy 
h^ia in the past been used at tiinos to designate its mum-andl at oUujr t*imoa to doaignato 
a force that is related to gravitational, attractioac Because these two ooncepta of weight 
are inocinpatible^s^ have therefore resulted in owifusion, the current trend is to dis- 
continue using the c^m "weight" in the oontoxt oc force so that when <tlie term "weight" 
IS usedf as in weight^ iind muaaurea, it is considerod to bo aynonymoua witl^ uuss. 



2as 



Stoncllards of (tvass (or "weights") ore ordinarily palibrated emd ugod on equal-arm 
balances. It two objects balance each other on ein oqualrorm balance, they have tho same 
mass. What are kxilancod *\re the gravitational forces on tho two objects. LVen though 
the value' of the acceleration of gravity, g, is different frcn location to location, 
because the two objects of equal, mass /ill do affected in the same manner and by the 
same amount by any change in tJie value of the two objects will balance each^jjther 
under any value of g. ' ^ 



On a spring b^ilancc^ however, the weight of a body is not balanced against, the 
weight of another body. ^ Instead,, the gravitational force on the body is balanced Ijy the 
restoring force of a spring. ^Therefore, if a very sensitive spring balance is used, the 
indicated mass of tho tod/ would be found to change if the spring balance and tho lody 
were moved fron one locality to another locality with a different acceleration of c ravjlty. 
But a spring balance is usually used .in one locality and i$ adjusted to indicate mcss 
at that locality, . . ^ ' 



b. Effect ,^f" Air Buoyarjcy . 

Another point that, must be taken into account ii|l the calibration and^ use of 
^af^dards of mass is the buoyancy or lifting efffect of the air. A body immersed in 
any fluid is buoyed up by a force equal to the force of gravity on the displaceii fluid. 
Two bodies of equal mass, if placed one on each pan of an equal-arm balance, will balance 
each other in a* vacuum. A ccnparison in a vacuum against a known mass standard gives 
"true mass." If ccmpared in air, however, they will not balance each other unless they 
are-of equal volume. If of unequal volume, the larger body will displace the greater 
volume of air and, will be buoyed up by a greater force than will the smaller body, and 
the larger body will appeaj: to be of less mass than the smaller body. The greater the 
difference in volume, and the greater the density of the air in which the comparison 
weighing is made,'^the greater will be the apparent difference in mass. iF^r that ' 
reason, in assigning a precise numerical value-of mas? to a standarsi, it is necesscury 
to base this value on definite Values for the air density and the density of the mass 
standard of reference. i ' 

Tlie corrections furnished by the National Bureau of Standards for the more ) 
precise mass stjemdards are*Tgiven both (a) on the basis of comparison incvacuum, and\ 
(b) on the bas4fiiof ccrpeuri^n against normal brdss standards in air under standardl 
•conditions, with no correction applied for the buoyant effect of the air. . By definition 
brafs stcindards ha\'e a density of 8 400 kilograms .5er cubic meter at 0 ®C arid a coefficient 
of cubical thermal expansion of 0.000 054 per ®C. Standard conditions cxre defined as air 
of 1.2 kilograms per cubic meter anc] temperature of 20 **C. Ihe correcti'oj^ to be us(5d with/ 
precise analytical weights aro ordinarily give;n only in terms of apparent mass against 
normal brass standards. . 




A full discussion of this topic is given in NBS Monograph 133, Mass and Mass 
Values,* by Paul E. Pontius (for sale by the Superintendent of Documents, U.S. Govemnciit 
Printing Office, Washington, p.C. , at 70 cents a copy). 
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, c. *Veutn of StAiuUrUtu of Mrtt^w 

StcMkUrUtt ot^ nvtsa rotjulorly luidd In ordirviry trritU) "^tKiuUI be tudtad by SUxte oi 
^ "^V^^' ^*^^** m» rtaim3fl ofticUU. ITie Natloiv*! UmtMu of StnixUtxla crtUbratt^e nwiwa 
©tni kLu db Bt^jtu L Lwd , tjutr itr ctoer rior Trvuiutam or tfotl U^rtn. TnfcOTwtt iari retjririllu] 
tiv^ vwiijht-c.^librdtlon aarvicv of tht) IKireciu nixl Uie ityiul.itloiw tjovtirMli^j tiuj Hiil)- 
Bvifliiion of v«lqhtfl to ms for tout ntti cx^nt^intxl In NliS 5i|>H-l4l Kibl loni ioii 
Ctlibratioii ajul Toat ScJtvUva of Uu^ Nrttiorul Uuro^iU of tit^tikUnlM, 1970 txlitiiJiu 

3. J. StandArda of CniJiiclty 

• . . »^ ' ' ' 

Unita of crt|xu;it.,y, btMrvj derived unita, are in *tiua couiUry! def intxl in torm^ of 
linear unita and arr nc^t VeprnMonteci by fundnmontal -sMiukutls. Uibbratoi^' at;aiKkirda Kivt* 
been conat^'Uxl dJxi aro nviintaincKl at tin? National BuitMU of St^mdarda. 'llunit? havi_» 
validity only by calibration witii reference oitiwr directly or iiuUriKrtly to Uio'liutvu' 
stoiuLirds. Siimlarly, ist^^uvluxia of capacit/ have been nvtde i\nc) di.stiibutcxl to tik^ 
several Statt:)S. Otiier at»vxl<irda of ca^xicity have bei^n verificK.! by j^Mlibralion for a 
■wide variety of usds in Science?, technology, and'camvrce. 

a. .Tests of Standards C"apiic I ty 

Calibrations are "made by tha Bureau on cafxicity standards that lyA^ in the 
custorury units of trade; tiiat is, the gallon, ^its multiples, and subnultiploh; or 
in metric unita. Furthermore, tlio Bureau calibrates preciaion qrade valumL»tric 
glassware which is r>omully in metric units i Tests are miidc in accord^mco witii 
test-fee schedules, 'copies of which may be obtained bf implication i/( t}^c Huruau. 

3.4. Maintenancie ^vd Preservation of/ 
Fundamental Standard of Mass 

There is ^considerable interest in' the maintenance and preservation of tiie 
national standard of mass at the National Bureau of Stan^iards. It is fully protected 
b^' an alarm system. During the regular woi;king hoursVof the Bureau it can be viewed 
by those interested. All measurement's made with this sb^ndard are conducted in ^Special 
air-conciitionod lahoratories to which^the standard is taken a suff ici-cntly long tiine 
■ before the observations to ensure that-the standard will be in a state or equilibrium 
•under standa^ conditions when the measurements or ccnparisons are made. Hence it is not 
necessary to maintain the standard at standard conditions, but care is taken to prevent 
large chianges pf temperature. More important is thfe'care to pre at any damage to the 
standard because of careless handling. * . ^ , 

r . 4. Specialized Use of Weights 

AS- Weighing and measuring are inport^mt factors in our everyday lives, it i^ 
quite natural that questions arise about the use of various unit3 and terms and about 
the magnitude of quantities involved. For exartple, the words ."ton" and "tonnage"^ are 
used in widely different senses> and a gre^t deal of confusion has ar:^en regarding 
the application of these terms. . ' 

' Ifie ton is used as a unit of measure in two distinct -senses: (1) as a unit ofo ^ 

pweigbt, and (2) as a unit of capacity or vblXime. ^ ^ ^ ' 

Irt the filrsfc.sfense the term has the following meaj^ings: 

(a) The ^short, or ne^ ton of 2 000 pounds. 



(a) The ^short , or ne^ ton of ^2 000 pounds. 
\ / fb) Hie long , gross , or shipper's, ton of 2 240 pounds. 

(c) The metric tdQ of 1 000 kilograms, or 2 204.6 pounds. 

» . ' ■ - . . 
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ahijw .tJkJ Iwtt fuUowir^i niMi>iu|: 

* (rt) ll^tJ mjtater ' U)n of 100 taibic fatJt. * 

(r) 'llki F)>vjl rH)v Wfttttf ' of JJ4 hi ltitth lit^ieri^l ijulU^nti. 

Ifi Uhj Uiitixl SliitOrt .tiki CtiUiLi llu> toii (v^il^jht) nimt itJitfiuMly lauvl iu tJu? Hl>or t . 
ton, in tiiuit Brit.iin it 1» liv^ l oiy tc>ii, .tiKl in ix)iiiit i Unt uttln>i thivim^li ic: ?iytituin it i«i 
tJie. mtHric ton. 'llu.? rntjlatt *r ton aimI Uio n^niHUi^kMit tofijiff cM^tcity unita uwcxJ in 
lyqnvtrAiiivj tlu* U.)nn.ujc' of MlIT[4i, 'Hve l^vjUttfi vf^xixtr tun la" usi^l, i't\irf ly m (U'lMt IJritain, 
m atatiaticM iU»alinq v^tJi jxaioleurii prcxluctw , ' ' 

' ' ' • \ 

'llyL^iv \\£\W) ijLHMx nviny otlit»r uaob at t\w tonn ton Huch ihi Uu* t lml»t'r^ tov of 
40 «.iil)U* ft^it .lui U\c wiuMt tun of JO buahulti , *Uit U\o\r lisi' IvwilxHvi 1(xmI .tju.i tlu* 
» n*Mni?>i;i \v\w i\ol \xH:n txjnriintrnt fnm oiu' plMcv to aix)tl>«n . 

Pro|Xjrly, tlu,^ vajhI "toiuvujo" is u:i6d au a iK:>un only in I'i'MjxH't to Uh? cAjxicity 
.uxi diitu:nsionH of yhips, .uKi to tlu' .invumt of tJ\o ship's o.u'qo. 'Huu^* vin* twcvdiutinct 
kiivdij of tonn.vjo; ivuni^ly, ^^^-^^^j'L toiuui^j r ,uKi canjo Lotu).\ cjL' and iwch of thofu* iii uacd in. 
v.Tfriouii iTi.\inlntj*s. , . 

'Hx^ sovor.il kiivLs of vo.sm<^1 toniuujc arc as follows; 

CJroan tcpnivujo , or 'j ros;; mjiijU^r tonnage , is tiie total tiilncal capacity of a 
ship uxpresnetf in nVjister ton;; of 100 cubic foet,/or 2,83 cubic rnotors, lo»|t^uch u[>aco 
as iutciiways, UxkL^rios, tjallrys, i\tc., ar, an? axajTf:)tod tlran n>(MSurtm»nt by di]|ferent 
qovcnm-'nts. 'Hicro is sonx* laak of imiformity in tl)o qrosr. toiuuqes as qiven ^l;y different 
n^itioiis on account of lack of aiircH^Tx^nt on the sjxices tlkit are to be excrnpted. 

Official nierch»int nvirine istatistics of most countries are publightxJ in terms of 
tlie gross rocjtster tonn4Kje . Press* referej^ces to ship toimage are usually to tlie gross 
ton^uqe , 

Itie net totinage , or net register tonnage , is tlie gross toniyago less the different 
spaces sfxicifiod by maritime nations in their measurement rules and laws. The spaces 
that are deducted are those totally unavailable for carrying cargo, such as the engine 
room, coal bunker^, crews quarters, chart* and instrument rocn, etc, 

^ The net tonnage , is ustki in ccrputing the amount of caCrgo that can be loaded 

on a ship. It is used as the basis for wharfage and other similar charges. 

* The register under-dcck tonnage is the cubical capapity of a ship under her 

tonnage deck expressed in register tons. , In a vessel having -more than one deck the 
tonnage deck is the second from the keel. 

^Th^ffe Are sever*al variations of displacement tonnage . , 

• The dead y^eight tonnage is the difference between the "loaded", and "light" 
di^l.^xiTcnt tonnages of a vessels It is expressed in terms of the long ton of 
2''240 pounds, or the metric ton of 2 204.6 pounds, and is the weight of fuel, passengers, 
and cargo that a vessel can carry wtien loaded to .her maximum draft. 

The second variety of tonnage, cargo tonnage , refers to the height of the 
particular itpms making up the cargo. In overseas traffic it is usually expressed 
in long tpns of 2 240 pourxis. or metric tons ot ^204 i6 pounds- The short ton is only • 
occasionally. used. The cargo tonnage is therefore very distinct from vessel tonnage . 
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5. Gbneral Tables of Weights and Measures 



"Ehese tables^ haye been prepaired for the benefit of thbse requiring tables of 
weights ^nd measures for occasiot1a!J^ ready reference. In section '5.4 the tables are 
carried" out to a large number of decimal places and e:ij:act values are indicated, by 
underlining, In.mdst of tha .other tables only a limited, number- of deciuial places are 
. -g^.ven/ thus making th§^ tables bet t^ ' adapted to the average user. More extensive tables 
be found in a Miscellaneous Publicatiprl of the National Bureau of Standards, Units . 
^oi Weight* and .^jeasurer-Definitions and Table'fe of Equivalents^ (sold by the Superintendent 
of DocurT¥2nts,/U.S. -GdVemment Printing Office, Washington, D.C. 20402, Misc. Publ, 286 at 

• $2.25 a copy),. ' * ' 

, '5.1. 'Tables of Metric Weights and Measures 

in the metric ^stem of weights a{id measures, desigftations of multiples and ^ 
subdiArisions o^ any^^it may be arrived' at by conbining with the name , of the unit the^ 
prefixes deka , hedto , and kilo , meaning, respectively, Itt, ,100> and 1 000> and deci , . 

• centi, and milli , meajiing, respectively, one-tenth, one-hundredth, and one-thousandth. 
In sane, of the following, metric tables, some such multiples and subdivisions have not 
been included ^or the reiaSon that t^se have little, if any currency in actual usagfe. 

^ * . * ' ■ ■ * . ■ . ' , . 

In certain cases, peorticularly in -scientific usage, i,t beGcmes convenient to 
provide for multiples larger than 1 00C> and for subdivisions smaller than one- 
. thousandth.. Accordingly, the following, prefixes have ^been introduced and these^are * 
now generally recognized:. * ' ^'^^ * * ^ 

' ^ . ■ ■ is' ■ " ■ ' ' -'^'-1 ■■ ^ ■ 

6xa, (E) , -meaning 10 . . deci,^ (d) , meaning 10 



peta.; (P)', meaning 10|2 
tera, (f ) , meaning 'lOg 
' giga, (G) , meaning Ig 
me^a "(M) , meaning 10 ^ 
kilo, (k)', meaning 10 2 
hecto, (fi) i. 'meaning 10^ 
deka, (da) ,* meaning 10 



centi^ (c) , mipaning 10 2 
milli, (m) , meaning 10 
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micro , (fj) , me^gning 10"^ 
nano, (n) , meaning 10"^ 
pico, (p) , meaning lO'"^^ 
femto, (f) , meaning 10~J-^ 
atto, (a) , meaning 10"^® 



Thus a kilometer is 1 000 meters and a millimeter is 0,001 meter. 



LINEAR MEASURE 



10. millimsters (nm) = 

10 centimeters = 

10 decijT>eter,s = 

10 meters > = 
10 diameters 
10 hectorveters 



1 centimeter (on) . 
= 1 decimeter (dm) = 100 millimeters. 
= 1 Tc^.ter (m) = 1 000 millimeters. 
= 1 dekameter (dam) . • • 
= 1 hectometer (hm) 100 meters. 
= 1 kilometer (km) = 1 000 meters. 



AREA MEASURE 



» 100 ^touare millimeters 
100 gquare centiiieters 
100 square decimeters 
100 square meters 

' 100 square dekameters 
100 square hectometers 



(riiu^) 



= 1 
= 1 
= 1 
= 1 
= 1 
= 1 



^ 2 

square centiineter (on ) . 
square decimeter (dm2) . 
square meter (m^) . 2^ 
square dekameter ^ (dam ) 
square hectcmeter (hm^) 
square kilometer (km^) . 



1 are. 

1 hectare 



(ha) 



12 
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FLUID VOLUME MEASURE 



10 millilitisrs .(ml) - 1 centiliter (cl) : 



XO centiliters 
lb deciliters 
10 liters • 
10 dekaliters 
10 hectoliters 



1 000 ciabic millimeters (mm ) 
1' 000 cubic centimeters 

I 000 cubic decimeters 



- 1 deciliter (dl) = 100 milliliters. 
= 1 liter* = 1 000 millilj.ters. 
= 1 dekaliter (dal) . / 
• 1 hectoliter '(hi)" =100 liters. 
= 1 Jciloliter (kl) .=.l 000 liters. 

SOLID VOLUME MEASURE 

1 cubic centimeter (^an"*) . 
Ivcubic decimeter (dm^) = 1 '000 000 cubic 

millimeters. 
1 cubic meter (m-^) ,= 1 000 OQO 

• eubic centimeters = 1 OQO- 000 000- cubic 
V / millimeters. 



• WEIGHT 




10 milligrams (mg) = 1 centigram (eg). 



10 centigrams 
10 decigrams 
lu grams' 
I 10 dekagrams 
10 hectograms' 
1 000 kilograms 



1 decigram (dg) =100 milligrams. 

1 gram (g)''= 1 000 miXligram^. 

1 dekagram (da^) . \ 

1 hectogram .(hg) = -100 .ga^ams. 

1 kilogram (Jsg) = 1 000 grams. 

1 megagram ' (I^) or 1 metric ton (t) 



5.2.' Tables of Uhited States Customary Weights and. Measures 

In these tables wher^ foot or mile is underlined, it is survey- foot or mile father, 
than international foot of mile that is meant (see Section 2.2. d.) . 



LINEAR MEASURE 

^12 inches^m) = 1 foot (ft). 
3 feet - = 1 yard (yd). >^ ^ * 

. 16 1/2 feet = 1 jcod (rd) , pole,^or perch. '\ 

40 rods <= 1, furlong /(fur) =. 660 feet . 

^ 8 furlongs = l-- survey mile (mi) = 5 280 feet . 
1 852 meters- = 6 076.115 49 feet, (approximately) * = 1 international nautical 



AREA MEASURE** 



2 

144 square inches (in ) 
9 square feet . . 

272 1/4 square feet 

160 square rods 

640 acres 

1 mile square 
6 miles square 



1 square foot (ft ) - . ^ 

1 square yard (yd2) - 1 295 square inches, 

1 siquare rod (A rd) . 

l^acre = 43 56a square feet . 

1 square mile (mi^) ., ' • 

1 section of land. ■ ' 

1 township = 36 sections = 36 square miles. 



By action of the 12th General Conference on Weights ajid Measures (1964) tije liter is a 
special name for the cubic decimeter. ' . / . 



Squares cmd cubes of customary but not of metric units are scmetimes e:q)ressed by the use 
of abbreviations rather than symbols. For exaiiple, sq ft means square foot, and cu ft* 
means cubic foot. ' 

13 ' ' 



CUBIC MEASURli^ 




3 3 
.•1 728 cubic >a1cheSf (in ) = 1 cubic foot '{ftj 

■27 cubic feet ^1 cubic yard, (yd^) 



GUNTER^S OR SURVEYORS CHAIN MEASURE. 



0.6? foot (fO 
\0Q links ^ 
80. dhains r 



= 1 link (li). ' * , 

= 1 chain (ch) = 4 -rods = 66 feet. . i 

= 1 survey mile (mi) = .320 rods = 5 280 fe^t: . 

r, liTQUID MEASURE** V • * ' ' 



4 gills (gii ^ 1 pint (pt) = 28.875 cubic inches. 



^2 pints 
4 quarts 



H .60 mininis Imi^ orHl) 
8 fluid drams , 

w 16 fluid ounces 
2 pints 

4 quarts 



r quart (qt) = 57.75 cubic itiches. 4 
= 1 gallon (gal) =^231 cubic inches = 8 pints = 32 gills. • 

APOraBCARIES FLUID MEASURE 

. ■;■ : I : ^ ' ■ 
1 fluid dram (fl dr or/3) =: 0.225 6 cubic inch. 
1 fljjid bynce -(fl oz or/3) = 1.804 7 "cubic inches. 
1 pnat, (p£ or ,0) = 28.875 cubic inches = 128 fluid drams. 
1 quart (qt) = 57.75 cubit inches = 32 fluid ounces = 256, fluid 
'/ — ^ ' . ■ drams. . 

= 1 gallon (gal) = 231 cubic inches =128 fluid ounces = 
, ^ 1 024 fluid drams. 

' ■ . ^ DRY MEASURE***/" 

,2 pints (pt) =1 quart (qt) =>67.200 6 cubic inches. / 
8 quarts = 1 peck (pk) = $37.605x9^Dic inches = 16 pints. 
4 pecks = 1 bushel (bu) = 2 150^4^ cubic inches = 32 quarts. 



Squared- aX)d cdbes custcnfary but . not of metric units are sometimes expressed by the . 
use of abbreviations rather , than symbols. For exanple, sq ft means sqmre foot, and 
cu ft means cubic foot.. - ' ' ^ 

** When necessary to 'distinguish' the. liquid pint or quart from the dry pint or quart, the 
word "liquid" of the ^abbreviation "liq" should" b^ used'^in combination with the name or 
abbreviation of ^the liquid linit. ' % 

• ' ■ ■ ■ / ' ' ' ■ * 

When necessary ^to* distinguish the dry pint or quart from the liquid pint or quarts the 
.word "dry" should be used in combination; with the name or abbreviation of the dry unit. 
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AVOIRDUPOIS WEI(31T* _ . , - 

[Ihe "grain" is the same in avoirdupois, troy, and apothec^ies^ weight.] ■ 

.27- 11/32 grains =1 dram (dr) . ^ / m \ 

16 drams = 1 ounce (02) = 437. 1/2 grains/ / r . 

16 'ounces = 1 pound (lb) =-256 drains = 7 000 grainy. 

lOO^poundis = 1 hiahdredweight (cv^rt) .** 

20 hundredweights = r ton = 2 000 pounds.** ^ • . 

r " / ' ' 

In "gross" or J'ldig" itteasure, the following -Values are recognized: / • 

. 112 pounds /,'" ' = 1 gross' or 'long hundredweight*** 

^ 20 grcJss or long hundredweights = 1 g^ss^or' long ton = 2 240 poxmds.** . 

TROY V3EIG&T ' ' - ' ' ' 

tihe "grain" is th/e' same in avoirdupois; troy/ and apothecar^-es weight.] 

24 grains =1 pennyweight idwt) . . * 

20 pennyweights = 1 oUnce troy "(02 t) = 480 grains. 

12 ounces troy = 1 pound troy (lb Jb) =-240 pennyweigljits = 5 760 grains.' 

APOTHECARIES WEIGHT . ^ ^ 

* ' ' ^ ■ ■ . ■ •• 

[The "grain" is the same in avoirdupois, troy, -and apothecaries weight-] ^ 

iv - ■■' ■ ' " ' ' 

= 1 scruple (s ap or 3 ) . . • . 
jS.es ' " = I dr^ apothecaries (dr ap or 3 ) = 60 grains, 

apothecaries = 1 ounce apothecaries (02 ap or \. = 24( scruples = 
( * ^ . ■ 4B0 grains. ' 
12 ounces apothecaries = 1 pound apothecaries (Ib^ap or -iJj) .iF 96 drams apothe- 
caries = 288- scruples =;5 760 grains. 

5.3. Notes on British Weights "^and Measures. Tables' 

In Great Britain, the yard,^ the avoirdupois pound, the? trc^ pound, and the 
apothecaries pound are Identical with the tinits of the same names used in' the 
United States. The tables of British linear measure, troy' weight, and apothecciries . 
weight"* are the sarife as the* corresponding ynited States tablies, except for the British 
spelling "drachm" in. the tabie of apothec^ies weight. Tlie table of British ^voirdi:^is 
weight is the same as the United States table to 1 pound; above that poij]fE^^e table 
,xeads.: . ^ . ^ * . 

14^ pounds ='1 stone. 

2 stones =1 quarter = 28- pobnds. 

4 quartos \= 1 hundredweight = 112 pounds. 
2D hundredweight = 1 ton.= 2 240 pounds. . 

s ■ 




* 



When necfessary to distinguish the, avoirdu^is dram fifom the 'apothecaries dram, or to 
distinguish the - avoirdupois dram or ounce from^Lhe fluid dram or ounce, .or to distin- 
guish the avoirdupois ounce or pound fi;aa the troy or apothecaries ounce or pound, tlie 
word "avoirdupois^' or the abbreviation "avdp" should be used in conbiracion wi ch the 
name or abbreviation of the avoirdupois unit, . - * . 

'irwhen' the terms "himdredweighf and "ton" are Jsed unmodified^, l^ey are connonly under-', 
^tood to niean the 100-pound hundredweight ai^the 2 000-pound ton, respectively; bhese 
units may be designated "net" or "short" v/h^. necessary to distinguish them f ran <t±e 
corresponding units iri gross or long_ measA%€.**\ 
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• The present British gallon 'and bushel, known as^ the "Imperial gallon" and 

"Inperial jDUshel^ are, respectively,, about 20 percent and 3- percent 'larger 'than the 
ynited states' gallon and bushel. .The Imperial gallon is defined as the \iDlume of 
10' avpirdupois pduhds oft water' under specific conditions, and the Inperial bushe]^ is 1 
defined as 8 "Imperial gallons. Also^. the subdivision of the Inperial gallon as presented 
in the table of British apothecaries fluid measure differs in two iir^rtant- respects fran> 
the corresponding United. States sufcdivisipn, in* that the Imperial gallon is divided ^into 
160 fluid ounces (where^s-the United .States galldn is divided into 128 fluid ouncnes) , 
and- a. "fluid scruple" is included. The 'full table of British measurers of 'capacity (which 
are used alike'' for.iiquid and for dry (2c±inbdities) Is as follows: ' ' • 



gills 
pints 
quarts • 
gallon^ - 
'bpplldns* 
bushels. 



[4 pecks} = 



1 pint • 
1 quart. 
1 gallon, 
l.peck. 
1 bdshel. 
1 quarter^ 



The full table of British apothecaries measure is as 



follows : 



20 minijnns . =-1 
2 f luid scn.iples = 1 
S fluid drachms = 1 

20 fluid ounces = 1 
8 pints = i 



fluid scruple. 

fluid drachm = 60 minims.* 

fluid ounce. 

pint . . 

gallon = 160 fluid ounces. 



r 
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' Units 


Inches ^ 


Feet 


Yards 


Miles ^ 


Centimeters 


Meters 




1 inch. ^ 
1 foot • - 
1 yai;d , ^- 
1 mile . - 
1 centimeter - 
1 meter ■ 


. 1 " 
ll 
36 

63 360 

0,393 700 8 
" 39.370 08 


0.083 333 33 
1 
3 

^ ' 5280 
0.032 808 40 
3.280 840 


0,027 7T7 78 
0,333 333 3 

.1 

1760 
0.010 936 ■13- 
1.093 613 


0.000 015 782 83 
0.000 189 393 9 
0.000 568' 181 8 

1 ' 

0.000 006 213 71^ 
.0,000 621 371 2 

-. ^ 


' " 2.54 
30.48 ^ 
, 91.44 
160 934.4 

1 

100 


/ 

0,025 4 
*Or304 8 
0.914 4» 
]609.344 
'0.01 

i 



5. 4»/ TABLES OF INTF.RRFLATIO^' OF UNITS OF MEASUREMENT 

' • . ■ ■ 

/' ' • * ■ ■ . ■ 

UNITS "OF UpNGTH INTERNATIONAL MEASURE* 



UNI^S OF LENGTH SURVEY MEASURE* . 



Units 


Links 


. ^ F^iy- 


Rods ■ 


Chains 


Miles 


Meters 
V 


1 link -. 
1 fodt - 
1 rod - 
1 chain ■ 
1 mi la • 
1 meter ■= 


•1 

, XV515 152 . 

, 25 
100 
8000 
4.970 960 


'0.66 

. 1 

16.5 

66 
5280 
3.280 833 


0.04 

0.060 606 06 
*. .' ' 1 
. ^ '4 
320- • 

0.198 B38 4 


O'.Ol 

0.015 151 52 
0.25 

. 1 
. 80 « 
0.049 709 60 


0.000 125 
0.000 189 393 9 
0.003 125 
0.0125 

1 

O.OOa 621 369 9 


0,201 168 4 
0.304 800 6^ 
.5,029 210 . 
• 20.116 84 
1609. 34"7 . 

1 



*One international foot = 0.999 998 survey foot (exactly) 

One international mile * 0.999 998 sur^y' mile (exactly) 
See;>j6ection 2.2.d 

Note: 1 survey foot « 1200/3932 meter (exactly) )l 

1 international fotft - 12^ x 0.0254 meter (exactly) 

1 internatiohal foot - 0.0254 x 39.37 survey foot (exactly) 



UKITS OF VOLUME 



Units 


Cubic Inches. 


Cubic Feet 


Cubic Yards 


1 cubic inch 

1 cubic fpot 

1 cubic yard 

1 cubic centimeter ■ 

1 cubic decimeter • 

1 cubic meter ■ 


1 

1728 
. 46 656-* 
0.061 023 74 
61.023 74 
61 023.74 


0.000 578 703 7 

■ '. 1 

0.000 035 314 67 
0.035 33.4 67 
35.314 -67 • * 


O.OpO 021 433 47. 
•0.037 037 04 

1 

0.000 001 307 951 
0.001 307 951 • 
1.307 951 





Units [ 


Cenciraeters 


Cubic Decimeters 


Cubic Meters 




1 


cubic inch \ ■ 


16.387 064 


0.016 


387 064 


0.000 D16 387 064 




1 


cubic foot - 


28 316.846 592 


26.316 


846 592 


0.028 316 846 592 




1 


cubic yard /- • 


764 554.857 984 


764.554 


857 984 


0.764 554 857 984 




1 


cubic centimeten- 


1 • 


0.001 




0.000 001 




1 


cubic decimeter \" 


1 000 




1 


0.001 




1 


cubic meter " ' 


1 000 000 




iCoo 


\' 




/ 

Al,l underlined figures are exact. 
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UNITS /Sf area iNtERNATIOriXL MEASURE* 



'units ■ 


Square Inches Y 


n ^ ■ 1 

Square Feet 


Square^^rds 




1 iiquare Inch . = 
1 square foot 
1 square vard - 
1 square mile t 
*1 square Centimeter « 
1 Square 'ipeter " 


» ■ 1 

lAA 
1296 

A ni4 i89 600 
..n.155 000 3 
1550.003 


0.(^06 9AA 4AA 
9 

27 878 400 
0.001 076 391 , 
10.763 91 • L 


0.006' 771 604 9 
0.111 111 1 

1 

3 097 6T)0 
.0.000 119 599 0 
1. 1^5' 990 




•% 











Units 


Square Miles 


Squitre Centimeters 


Square Meters 


I 

1 square inch ' = 
^ square foot " 

1 square yard » 
^ 1 square miO^ " 

1 square centiraeffer ■ 

1 square meter = ' 


0,000 000 000 249 097 7 
0.000 000 035 870 06 
• 0.000 000 :i22 830 6 

1 

0.000 000 000 038 6.10 22 , 
0.000 000 386 102 .2 . ' 


6.451 6 


0,000 645 16 


; • ■ - 929.030 4 
8361.273 6 
25- 899 881 103.36 


. 0.092 903 04 
0.836 127 36 
2 589^ 988.110 336. 


1 

. . 10 oon 


0.000 1 
' 1 



fJKITS OF AREA ■ SURVEY MEASURE* 



Units 


Square ^eet 


. Square Rods 


Snuare Chains ' 


Acres 


1 square foot 
1 square rod » 
1 sauare chain 
1 acre i= 
1 square mile ' =' 
1 square meter =• 
1 Iiectare « 


1 

272.25 

4 356 
43 560 
27 878 40n 
' 10,763 87 
107 638.7 


0.003 673 095 
1 

• . 16 

160 

* 102 400 
- 0.039 536 70 
395.367 0 


0J300 229 568 4 
0.062 5 

. 1 
6400^ 

0.002 471 044 ' 
24.710 44 


\).n00 022 956 84 
d.006 25- 

- 640 
0.000 247 104 4 
2.471 044 . 



Units 


Snuare 'tiles 


Square ^feteri^ ~ 


Hectares 


1* square foot » 
1 square rod = 
1 square chain 
1 acre ■ 
1' square mile » 
^square meter ■ 
1 Iiectare » 


0.000 OOp .035 870 06 
0.000 009''765 625 


0.092 903 41 
25.292 95 
404.687 3 
4 046.873 . 
2 589 998 

ti i 
10 000 


0.000 009 290 341 
0.002 -52^ 295 
0.040 4B8 73 , ' 
0.404 6B7^ 3 
258.999 8 

0.000 1 • , 
s . .. 1 


0.000 156 25 
'O'.pOl 562 5 

• 1 

0.000 000 386 100 6'" 
0.003 861 006 



A^-l unOerlined f ipures are exact. 



*One sauare survey foot 
One spuare survev mile 
See Section 2.2.d 



1.000 004 square international feet" 
1.000 004 sauare international miles 



le 
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UNITS OF CAPACITY .LIQUID MEASURE 





Units* 



- J 


MiniHis 


Fluid Drams « 


^ Fluid 


Ounces 


Gills 




I 


ininim 




1 


0.016 


666*67 


' 0 .-002 


. . . 
083 333 


0.000 


S20 


833 3 


I 


■fluid dram 




60 




1 


0.125 




« 0.0>1 


25-. 




I 


fluid ounce' 




, A80 




8 




1 


0.25 






1 


gill 




1920 




32 




A. 






1 


1 


Liquid pint 




7680 




128 




16 






A ' 


1 


liquid «quart 




15 360. 




256 




32 






8 


1 


gallon 




61 :AAO 




102A 




128 






J2 


1 


cubic inch 




265.97i> 0 


A.A32 


900 


0.55A 


112 6 


0.138 


528 


1 


1 


cubic foot 




A59 603.1 


7660.052 




967.506 


5 


239.^76 


6 




1 


milliliter 




.16.230 73 


. 0.270 


512 2 


0.033 


81A 02 


0 .008 


«53 


506 


1 


liter 




. 1*6 230.73 » 


270.512 


2 


33.81A 


02 


8.A53 


506 










■* • 







































Units. 


.'Liquid Pints ■ 


Liquid TJuart^ 


, l^allons , .' 


1 b 1 

Cubic Inches 


1 minim • 
1 fluid dram ' 
1 fluid ounce 

' 1 gill 

•1 liquid pint 
1 liquid^ quart 
1 gallon 

1 cubic inch ■ 
1 cubic foot * 
1 milliliter 
1 liter 


/O.OOO 136 208 3 
0.00^ 812 5 ^ 


0.000 065' 104 17 
0.003 906 25 


0.00(5 016 276 04 
lO.OOO 976 562 5 


0.-0.03 759 766 
• 0.225 585 94 
1.804 687 5 


0.062 5 .. . 


0.031 25 


0^007 812 5 , 


0.25 

* . 2 
8 

0.03A 632 03 
59.8AA 16 
0.002 113 376 
2.113 376 


0.^25 . - 
0.5 

1 

* ' 4 
0.017 316 02 
29.922 08 
0.001 056 688 
1.056 ^88 


0.031 25 

0.1^ 

0.2T' 

1 

0.004 529 00'4 
7.480 519 
0.000 264 172 i 
*0.264 1-72 1 


7.218- 75 
28.875 , 

231 
1 

1728 . 
0.061 .023 74 
61.023 74^ 

♦ 



^^nits 


Cubic Feet - 


'4 ^ 

. Milliliters 


Liters 


1 ininim 




0.000 002 175 790 


0.061 


611 52 


0.000 061 


611 52.' 


1 fluid dram 




0.000 130 '547 4 


3.696 


691 


0.003 696 


691 


1 fluid ounce 




0.001 044 379 


29.573 


.53 


0.029 573 


53 


1 gill- 




0.004 177 517 


118.294 


1 


0.118 294 


1 


1 liquid pint 




0.016 710 07 


473.176 


5 


0.473 176 


5 


1 liquid quart 




0.033 420 14 


946.352 


9 


0.946 352 


9 • 


1 gallon 




0.133 680 6 , 


3785.412 




3.785 412 


\ 


1 cubic inch 




0.000 578 703 7 


16.387 


06 


0.016 387 


06 


1, cubic ^ipoti 




1 


28 316.85^ 




28.316 85 




1 millil-lted 




O.lDOO Oy 314 67 ' 




1 


O.OOl' 




1 liter \ 




0.035 35» 67 




1000 




i 










— y — ' 






-^2 All undaf 
'^^^ 


lined figures are exact. 
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UNITS OF CAPAriTV nHY ^'EASURr 



Units 




Drv Pints j 

V 


Ory Du.irtH 


PfCkH 


. BusticI'. 






1 dry pint 




J. . 


0.5 


0.062" 




0. 
• — 


r^i5 










■ 1 dry qXiart 




2 


r 


•0 ._12_5 ■ . 






031 










1 peck 




„. . 16 ■ 


8 




1 


0 


25 










1 bushel 




'64 






'4 














1 ■ cubic Inch 




. n.029 761 6 


0.014 880 "ft 


O.OOl 860 


To 


0. 


00^» 


4e>5 


'•^ i 






1 cubic foot. 




51.428 09 


25.714 05 


3.214 256 




■0 


«r>3 


) 








1 pter 




1-.816 166 


0.908 08) 0 


0.113 510 


4 ' 


0. 




3t: 








1 cubic meter 




1 816.166 


908.983 0 . 


1H.510 !. 






37:' ■ 



































t 


• . ■■ . V * 


Unlrts . 


^ Cubic Inches 


f 

(%iblc Fvet 




J ■ 

'..U.N r ^^T !f 


1 dry pint '» 
1 dry quSft • - 
1 peck ■ .» 
1 bushel '- • •• 
1 cub'lc inch « 
1 cubic foot 
•1 liter 

1 cubic meter ■ 


3^3.600 312 3 
, - 67.-200 62^5 
537.6ff$_ 
2 150". 42 

V 1 - 

1728 < 
61 .023 74 
61 02 3.74 - 


O.'oif 444 63 
6.038 889 25 
0.311 114 
l%24/*"456 
0.000 57H 703 7 
. 1 
0.035 314 h7 ." 
35.!3i4 67 


> . 

■ 1 .101 ?.'l 

' 8*.M09 ,>'H 
3 5.2 

28. )1<. f^b 

.« 


" ').oo! i'/-t. r.'i 

U . :i!*fv " 

■■■ .''i.'H > ■* 
^1 ^ />(■; i 



If^ilTS OK ^«ASS SOT LF.SS THAN , AViJl FmTi' t ■■; 



.Unlets 


Avol rdupo I s 
cUincc'S 


. founds 


vJi.'if-t •Mjndt «■•.^■ 
w»• i t M 






1 avoirdupois ounce ■ 
1 avofrdupols pound ■ 
• 1 shore hundrcdwe Iphl ■ 
1 short ton * 
1 long ton ■ 
1 kl logram ■ 
1 metric ton ■ 


- 1 

i- f.ob 

J 2^0 00 
3*5 H40 
35.:"7 3 96 
V) 2 7 3.9f« 


'>.062 5 

1 

100 
J to no 

2. "'40 

2 . .'o.'.'-^.':m 

22'^.'* .6:3 


\ 

? 2 . <« 


f 



.Units 


Long Tons. " 


K lli>Krjf?n»< 


-i 






.•t r 




' •. • * 

1 avoirdupois ounce ■ 


0 


000 027 901 


79 


0.028 349 52 3 




n 






^ ,» 


" 1 avoirdupois pound 


0 


000 44h 42H 


6 


0"."4V3''*592"3y 




■ 0 




45 i 


\ii7 ■ * 


.1 short hundredweipjil ■ 


0 


044 642 36. 




45. 9 237 




. r 






ri- 


1 short ton 


0 


892 857 1. 




.907.") 84' 74" 




r, 


'»>;';' 


IH-'. 




1 long ton ■* 






1 






i 


'016 




90.1 


1 kilogram 


0 


000 984 206 


5" 




/ y 


o' 








1 m^etric ton - 


0 


984 206 5 




1 













» All underlined figures are exact, 
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UNITS OF MASS NOT GREATER »THAN POUNDS AND KILOGRAMS 



Units ' 


Grains 


V Apothecaries 
Scruples 


Pennyweights 


^ Avoirdupois 

Drams * 


l^Apoth. scruple = 
1 pennyweight s 
1 Avd^. dram / = 
1 apoth. araxn ^ s 
1 av^p* ounce = 
1 apoth. or troy ouncf =^ 
1 apoth.' or troy pound = 
l^avdp. pound »' 
1 miliigram s 
1 gr^ s 
1 kilogram s 


1 

20 
24 

"27.34X 75 


0. 05 

✓ i 
* 1.2 . 
1. 367 187 5 


d, 04l ,666 67 

0. a^'333 3 

1. /39 323 "* 
2.5 

18.229 17 

. ^ U 20 , 

X 24(y 

291. /66 7 

(KOOO 643 014 9 

9: 643 014 9 
64^.014 9 


0. 036 '571 ^3 
0.731 428 6 
0. 877' 714 3 

1 

2. 194 286 " . 

.16 

,17.5511 29 , 
ilO. 651 4 

256 

0,000 564 383 4 
. 0. 564 383 4 
564, 383 4 


60 

437.5. ... 

. 480 
^ / 5 7^ 
' 7 000 
* 0.015 432 36 
15.432 36 
15432.^6 


3 

21.875 f ~ 
24 

V ^ 2M 

3To 

0.000 771 617 9 
0,771 617 9 ^ 
771. 617 9 ' ' 

4^^-^ 



< Units 



1 grain / = 

1 apoth. scruple 'a 

1 pennyweight » 

1 avdp. dram ' = 

1 a]^oth« draito « 

1 avS[p, ' ounce * 

1 apioth. or troy ounce « 

1 apoth. or troy pound a 

1 avdp^ pound ' s 

1 milli|ram 3 
1 gram 

1 Acilogram = 



Apothecaries 
Drams 



0.016 666 67 
0.333 333 3 
0.4 p 
0 455 729 2 

J. 

7.291 667 

1 

. 96 

116. 666 7 — 
0. 000 257 206 0 
0.2^7 ZOb 0 
^57. 206 0 



Avoirdupois 
Ounces 



0.002 285 71^ 
0. 045 714 29 ' 
0.054 857 14 
0. 062 5 
0. 137 142 9 



1 



1.097 143 
13.165 71 

0.-000 035 273 96 
0..035 ^3 96 
35.27: 




Apothecaries pr 
Troy Ounces 



0.002 083 333 
0.041 66^67 
0. 05 
~ 0.056 966 15 
0.125 

.0.911 458 3 

X 
12 

14.583 33 

0.000 032 150 75 
0. 032 150 75 
32. 150 75 1 
-J- 



AslMiie caries or 
roy Pounds 



0.000 173 611 1 
0.003 472, 222 
0.004 166 667 
0.004 747 179 
0.010 416 67 
0.075 954 86 
0.083 333 333 

.1 

1.215 278 - ~ 
0.000 002 679 W 
0. 002 679 229 
2.6<r9 229 



Units 



Avoirdupois 
Pound n 



Milligrams 



Kilograms 



1 grain ^ 

1 %poth. scruple a 

1 pennyweight « 

1 avdp. dram = 

1 apoth. 4ram s 

1 avdp. ounce = 

1 apoth. or troy ounce = 

1 ^apoth. or troy pound = 

1 *avdp. pound . s 

1 milligram s 

1 gram = 

1 kilogram = 




O.MTB 571 43 
T822 $57 1 

J_ 

O.dOO 002 204 623 
0.002 e04 623 
2.204 623 / 



64.79a |1 



lW.^76' 
1771. B4B 195 3I2A 

mi.^u i 



28 349.523 125 

31 103.476 8 

373 241.72b 6 

453 592.37 



1000 
1 000 000 



0."064 798 91 

M 1^5 312 5 



3-Jfl7 934 fe 
28. 349 523 125 
31.103 476 8 

373. 241 72» 6^ 

453.592 37 

. 0. 001 " 



_1_ 
1 000 



O.OOl i9S 97A i 






17? 


91 


3.001 


111 


845 


195 


9.99? 


997 


9?4 




0.028 


34? 


523 


125 






4H 




0. 373 


241 


721 


6 


0.453 


592 


37 




0. 000 


001 







All underlined figures are exact. L 
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. " 5.5. Tables of Equivalents ' . 

In these t^les it is necessary to differentiate between th^ "international foot" 
and thd "survey foot" ||see Section 2.2.d.) the survey foot is underlined. 

, , ' ivhen the name of ^ unit i$ enclosed -in bra'Scets (thus, 11 hand] . . . ) , this 
indicates (1) that the \init is not in general currents use in the -United States, or (2) that 
■ the unit is believed to. be based on "cu^ton and usage" rather than on formal authoritative 
definitibn. * ' ^ 

Equivalents 'involving decimals af^ in most instances, roun ded o ff tp the third 
decimal .place except where they are exact, in- which cases these exacF"Sfem^lents are so • n 
designated . The equivalents of* tlae inprecise units "tablespoon" and "-teaspoon" are rounded\ ' 
to the nearest milliliter. 



1 angstr(2m (A)' 



LENGTHS 



1 cable's length 



centimeter 

chain (ch) 

decimeter, 
dekame'ter 

fathom - — 

foot (ft) 



(cm) - — ^ - 

(Gunter's or surveyors) 

(dm) 
(dcim" 



i) t- 

mY - 



_L. 



1 furlong (fur) 



11 hand] — 
l"inch (in) 
1 kilometer 



(km) 

1 ""league (land) ■ 



■r- 



1 link ("li) (Gunter's or surveyors) 



1 meter (mS^ • 



1 micrcmeter 



1 mil 



1 mile y(mi) 
1 mileV/mi) 




(survey) ** — ; — 
(international) 



0.1 nanometer (exactly) .. 

0.000 1 micrometer (exactly). 

0.000 000 1 millimeter (exactly)^ 

0.000 000 004 inch. 

120. fathoms (exactly) . 

720 feiet (exactly) . 

219 meters. 

0.393 1 inchc 

66 feet (exactly) . 

20.1169 meters. « 

3.937 inches. . ■ . 

32.808 feet. 

6 feet (ex;actly) . ^ 
1.8288 meters. 
0.3048 meter (exactly). 
10 chains (surveyors) (exactly) . 
660 feet (exactly) . ^ ' 

1/8 survey mile (exactly) . • 
. 201.168 meters. 

4 inches. ^ ^ 

2.54 centimeters (exactly).' 
0.621 mile. 

^ survey mles (exactly) . 
,4.828 kilometers. 

0.66 foot (exactly) . • 

0.201T5S". meter. 

39.37 inches. 

1.094 yards. 

0.00| millimeter (exactly). . - 
0.000 039 37 inch. 
0.001 inch (exactly). 

0. 025-4 millimeter (exactly).- * 

5 ^^Ofeet . (exactly) . . 

1 . 6p5^1cmeters . 
5280 feet, (exactly) . 



* , -10 

The angstrom is basically defined *as 10 meter 



**In the previous edition of this letter 'circulaj:, the survey mile Was referred 
to as" the statute or. land mile. The term stajtute. mile, originated with 
Queen Elizabeth I vsto changed the definition of the mile from the Reman, mile 
of 5000 feet to the statute mile of 5280 feet (see 2.1.c). Therefore, since 
1959 both the international mile . and the survey nu.le„ which differ by about 
3 millimeters, 'are statute miles, in the Unitedr States,- the U.S. stajiute mile 
remains the same as the U.S. survey mile. 
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1 mile (mi) (international nautical)* 

1 millimeter (mn) ^ 

f nancmeter (nm) ~ • 

1 point (typography) — — — 

1 rod (rd) , pole/ or pe^rch 

1 yard (yd) . ' 



1.852 kllcmeters (exactly). 

1.151 survey miles. 

0.039 37 inch. 

0.001 microneter (exactly), 

0.000 000 039 37 inch. - 

0.013 837 inch (exactly). 
.1/72 inch (approximately). 

0.351 millimeter. • ^ % ' 
)16 1/2 feet (exactly) . 

5.0292 meters. 

0.9144 meter (exactly) . 



1 acre** 



1 are 



1 hectare,^ -~ 

(1 square (biTilding) — 
1 square centimeter (aTi2 
1 square decimeter 
1 square foot (ft^) 
1 square inch (in^) 



i squcire kilometer^ (Jon^) 



square meter (m^) 
* 

square mile (mi^ 
square*mill( 
square; rod ( 
sq perch 



1 square yard (y 




AREAS OR SURFACES ^ 

43 560 square feet (exactly) . 
0.405 hectare. 
119.599 square yards. 
0.025 acre. 
2.471 acres. 

100 square feet. • 
0.155 square, inch. 

(^2) 15.500 square inches. 

: ^ 929.030 square centimeters. ' •* 

6.4516 square centimeters (exactly), 
247.105 acres. 
0.38^square mile.- 
1.19^square yards.' 
10.764 square feet. 
258.999 hectares. 
0.002 square inch. 



(niTi2) — 

sq pole, ®r 



25.293 square meters. 

0.836 square meter. 



CAPACITIES OR. VOLUMES 



1 barrel (bbl) , liquid — • 

1 barrel (bbl) , standard for fruits, 

vegetables, and other dry con 

modi ties, except cranberries 

1 barrel (B!^l)^, standard, cranberry ' 



31 to 42 gallons.*** 
7 056 cubic .inches. 
105 dry quarts. 

3.281 bushels, struck measure. 

5 826 cubic ^ inches . 

86 45/64 dry quarts. 

^2.709 bushels, struck measure. 



The international, nautical mile of 1 852 meters (6 076,115 49... feet) was adopted 
effective 'July 1,^1954 for use in the United States. The value formerly used in the 
United" States was 6' 080. 20* feef = 1 nautical (geographical or sea) mile. 

The question is often asked as to the. length of a side of an acre of ground. An. acre 
is a unit of area containing 43 560 square feet . It is not necessarily square, or^ven 
rectangular. But> if it' is square, — "-^^ — "-^ ' 

Nj43 560 = 208.710+ feet. 



then the length ^of a side is equal to^ 



There are a variety of "barrels" established by law of usage. For example. Federal 
taxes on fermerifed liquors are based on a barrel of 31 gallons; many State laws fix 
the "barrel for liquids" as 31 1/2 gallons; one State fixes a 36-gallon barrel for 
cistern mccisurement; ^Federal law recognizes a 40-gallon. barrel for ."proof spirits"; 
by custan, 42 gallons ccniprise a barrel of crude oil or petxpleum products for 
statistical purposes, and this equivalent is recognized ''"for liquids" by four States. 

23 . . 



1 bushel (bu) <U.S.) struck measure — 
[1 ^shel. 



heaped tu.S.)] 



[1 bushej. '(bu) (British Inperial) 

(struck measure}-! — > — • 

1 cord (cd) ' (firevgocd) 

1 cubic centimeter (an^") 



1 cQbic decimeter (dm^) 

1 odbic'foot (ft^) — — 



0 



1 cu inch (in-^) 

1 '.cubic meter (m^)' ^ 

1 cubic yard (yd^) 7— 



1 cup, rpefiasuring 



1 dram/ fluid (or liquid) (fl dr or 

/3)(u.s.) — 



[1 drachm, fluid (f 1 dr) (British) ] 
1 dekaliter (dal) 

1 gallon (gal) (U.'S'J 
[1 gallon (gal) (British Imperial)] 



>'J ir--.- 



1 gill (gi) 



1 hectoliter (hl| 



1 liter (I r^}hi^ c^ecimei-^r exactly) ^ — 



1 milliliter l[hil) 



i ounce, ffuid (or. liquid) (fl oz or 

/3)(u. s.) — ^- 



[1 ounce, fluid (fl oz) (British)] r- 

1 peck (pk) 

1 pint (pt) , dry : 



1 pint*(pt), liguid 



2 150.42 cubic inches (exactly). 

35.238 liters. 

2 747.715 cubic inches. 

^.278 bushels, stnick measure.* 

1.032 U.S. bushels, struck measured 

2 219/^6 cubic inches. 

128 cubic feet (exactly) . . 

G . 061 cubic? *inch . , ; ^ 

61.024 cubic inches. 
481 gallons. * : 

28.316 cubic decimeters. • 
0 . 554 fluid ounce . ^ t 
4.433 fluid drams. « ^ ••. 

16.387 cubic '-centimeters . 
1.308 cubic yeirds. /' 
0,765 cubic meter. 
8 fluid ounces (exactly) . ; 
237 milliliters. 
1/2 liquid pint (exactly) . 
1/8 fluid ounce (e;5a9tly) . 
0.226 cubic inch. 
3.697 milliliters. 
1.041 British fluid drachms. 
0.961 U.S. fluid dram. 
0.217 cubic* inch. 
3.552 mill^lter^.' 
2^.642 gallons: 
1;135' pecks, 

231 cubic inches (exactly) . 
3^ 785t. liters. v'- 
0.833 British gallon. , * 

•128 U.S. fluid ounces (exactly) . V 
277142 cubic, inches. ; 
1.201 U.S. gallpns.. * . 

4.546 literf . 

160 British fluid ounces (exactly) .. 

7.219 cubic inches. 

4 fluid ounces (exactly) " 

0.118 liters . 

26 . 418 gallons . > 

2.838" btishels.- 

1.057 liquid quarts. 

0.908 dry quart. 

61.025 cubic inches. 
"0.271 fluid dram. 
16.231 minims; 

0. 061 cubic inch. 
1.805 cubic inches. 
29.573 milliliters. 

1. v041 British fluid ounces. 
0.961 U.S.^ Fluid ounce. 
1.734 cubic inches; 

28,412 milliliters. . ' ' 
8.810 liters. 
33i^0 cubic inches. 
0.551 liter. 

28.875 cubic inches (exactly). 
0.473 liter. 



Frequently recognized as 1 1/4 'bushels, struck rneasure. 
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erJc 



1 quart (qt) , dry (U.SJ — 
^ quart (qt) , liquid (U.S.) 



[1 quart ' (qt) (British) ]*' 



1 tablespoon, neasurifkr 



, 1 teaspoon r measurina 



1 water ton (EInglish) -r. — 



67.201 cubic inche^s. 

l.lbl liters; 

0.969 British quart. 

57.75 cubic inches (exactly) t^/ ' 

0. 946 lit^» , ' 
0^833 British quart. ■ . ' . 
69.354 cubic inches. 

1.032 U.S. dry quarts.* 

1. '2£)l U.S. liquid quarts. * 4 
-3 teaspoons (exactly) . 

15. milliliters ' • . 

4 fJ;^d drams. 

i/2 f liiid ounce (exa^:tly) . 
1/3 tablespoon (exactly).. 

5 milliliters • 

I 1/3 fluid drams.* % ^ " 

270 . 91. U . S . gallon^r -^^ 

224 British Imperial ^galic?*S (exactly) 



A 



\. WEIGHTS OR >IASSES- 



1 assay ton** (AT) - 

1 carat (c) • — — --r— 



1 dram, apothecaries • (dr ap qr . 3 )" """" 



1 idr^ avodjrdupois; ^ avelp) 



I hundredv^ghtf . gross or-^ , ■^ < 

■■ fgfossKwt),' ^'^I'^ffr:^'^'^'^'^-^^-^- — 
1 hundi:edwBigbt: , . net 6r sHbrt (cwt. ' 

or net' Gwt^ . :„ 

. 1 kilogram . (kg) — — 

1 microgrcim (^g; (the Greek letter mu 

.iji combination with t^e letter gDr— — 
1 milligram (mg) _; 



1 ounce, avoirdupois (oz.. avdp) 



29-167 grams. .. 
200 milligrams (exactly) . 
•3. 086. grains. 
60 graihs (exactly) . 
3.88.8 grams ^ ' . 

27. 11/32 (= 27.344) grains., 
1'. 772- grams. - ' ' 
X microgram (exactly) . 

64.79^8 91 milligrams (exactly). 
;15.432' grains^;, ■ V ■ ; 
0 . 035 ■ ounpe> avoirdupois •'■ ^ * 
112 "pounds ^- (exactly) , . * ' iy\ ■ 
50.802 kiipgrams. ■ • - 

lO'O ppunds (exactly) . . ,! 

45.35?^kiiograms.- < °. 

■2.205>p6unds. / ' 

0.600 001 gi^ (exactly)-. ' , 
-O^OiS grain. ' . ' 

437.5 grains (exactly). 
0..911 troy or apothecaries ounce.. 
28.350 ^rams. - V 



The equivalent "1 teas{xDon"^= 1 1/3 fluid drams" has 'been found by ?the Bureau to corre-^ ^ 
spond more ,clos!^ly wi,th the actuat capaciti-es .of "measuring"' and silver teaspoon^ than 

the equivalent ^!'l- teaspoon = fluid dram," which is given by a number of dictionaries. 

' ' - ' . - \ 

Used on assaying. Thje assay ton bears the same relation to the milligram that a ton of 
2 000 pounds avoirdupois bears to the ounce^ troy; hence the weight in milligrams of 
precious met5l obtained from one assay ton of ,ore gives directly the number of troy 
ounces to the net ton. * ' 

The gross or long ton and hundredweight are used conmercially in the United States to 
only a -very limited extent, usually" in restricted industrial fields These units are 
the same, as the British "ton" and "hundredweight." 
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1 ounce, troy or apothecaries (oz t 

''or oz ap or /g* ) 

1 pennyweight (dwt) -v 



1 pound, avoirdupois (lb avdp) — 

1 ^und', troy, pr apothecaries 

^-^•.;.(lb t or i^-ap)' 

1 scruple (s ap pr ^ ) ~ 



1 ton, gross or ipng** 



1 ton, metrit (t) 



1 (ton, net or short 



480 grains ^ (exactly) . 

1.097 avoirdupois ounces, 

31.103 grams. 

1.555- grams. 

O.'Ol carat. 

2 milligrams. . 

7 000 grains (exactly) . 

1.215 txoy or apothecaries pounds. 

453.592 37 grams (exactly) . 

5 760 grains (exactly) 

0^.823 avoirdupois pound. 

3*73.242 grams. 

20' gratins ^exactly) . 

1.296 grams. 6, 

2 . 240' pounds (exactly) . 

1.12 net tons (exactly). 

1.016 metric tons. 

2 204.623 pounds. 

0-984 gross ton. 

1.102 n^t tons. 

2 000 pojonds (exactly) . - '" x 
0.893 gross top. " 
0.907 metric ton. 



The gross or. long 'ton and hundred^veight ara us^ corin^cially in the- United States to a 
limited . extent only, • usuadly in restricted industrial fields. These units are the same 
as the British "ton** and "hundredweight." . ^ ' 



Preparfid^'byr - 'Leiwis V. Judsori' 
Office of Weights and Measures 
National Bureau of Standards \ ^ 
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• ■ .-^^ 1— '■ : - 

Eevised by; E. Barbrw 
Office of Metric Informajdon 
National. Bureau of Standards 
1976 
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